Abstract: A QSPR study is presented for acidities of thirteen N-methoxy-polynitroaniline derivatives. Hammett σ values are known for meta and para substituents, and in the present study values are introduced for ortho-substituents in these N-methoxy-polynitroaniline derivatives. Hammett σ values for ortho-substituents in these N-methoxy-polynitroaniline derivatives were obtained by multiplying para values with 0.65.
Introduction
Polynitroanilines and their derivatives have been intensely studied because they provide information about conjugation in aromatic systems [1] , hydrogen bonding [2] or association by charge transfer [2] . In recent years, we reported the synthesis and properties of N-methoxy-polynitroanilines 1 with various substituents [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . These compounds are acidic, and their pK a values have been reported [7, [12] [13] [14] . Chromogenic properties are important characteristics of such N-methoxy-polynitroaniline derivatives, suggesting applications in analytical chemistry and preparative chemistry.
Other interesting properties of compounds 1 are: (i) oxidation affording persistent free radicals (N-aryl-N-alkoxyaminyls), which are probable intermediates in the disproportionation (self-nitration) of N-methoxy-dinitroaniline derivatives affording picryl derivatives [3] [4] [5] [6] [7] [8] 10] ; (ii) enhancement of their acid-basic properties in the presence of crown ethers [11, 15, 16] ; (iii) their reaction with the stable free radical 2,2-diphenyl-1-picrylhidrazyl leading to new, intensely coloured, betaionic compounds, which present reversible chromogenic and redox properties [11, 17] .
In the present QSPR study we present a rationalization of the influence of substituents on pK a values for thirteen N-methoxy-polynitroanilines using Hammett σ constants and propose analogous constants for ortho-substituents. 
Experimental methods
The pK a values for compounds 1 were determined electrochemically in a mixed solvent, MeOH:H 2 O (1:1 v/v) by titration with potassium hydroxide (also in MeOH:H 2 O) using a correction of 0.46 pH units due to the mixed solvent [12, 13] .
Computational method
The overall value of substituent constants was calculated additively using a known strategy [18, 19] . Electronic effects of ortho-substituents were calculated using a model developed in this paper (see below). In order to study the electronic effects of substituents on the acidity (pK a values) of N-methoxy-polynitroaniline derivatives correlation analysis was used Cross-validation was made using the "leave-one-out" method.
Electronic parameters of Hammett type
Hammett was first to quantize electronic effects in aromatic systems [20] . He explained the pK a values of substituted benzoic acids based on inductive and resonance contributions of substituents. A measure of electronic effects can be obtained by the difference between the pK a values for substituted and unsubstituted benzoic acids:
The above Hammett equation describes the effect of meta and para substituents on the acidity of substituted benzoic acids, and can be extended for rationalizing the effect of substituents on the reactivity and spectral properties of many benzene derivatives [21, 22] . In equation 2, K X is the equilibrium constant for a substituted benzoic acid, K 0 is the equilibrium constant for unsubstituted benzoic acid (X 0 = H), σ X is a substituent constant, and ρ is a "reaction constant" which depends on the nature and conditions of the reaction.
Hammett σ X constants for substituents in meta and para positions were taken from literature [18] [19] [20] [23] [24] [25] . For substituents in ortho positions, where steric effects interfere causing bond angle and torsion angle complications, a "quasi-Hammett" constant was introduced:
where σ p is the Hammett constant for the same substituent in para position [18] [19] [20] [23] [24] [25] .
For compounds having a carboxy substituent, irrespective of its position, one adds a new term (0.5) representing the supplementary acidity of carboxy group. Both terms (0.65 and 0.50) were obtained by linear regression.
The values of Hammett constants for the substituents in meta and para positions [18] [19] [20] [23] [24] [25] , and the values of electronic constants σ o calculated using equation 3 for the substituent in the ortho position of compounds 1 are presented in Table 1 . 
QSPR studies
Experimental values for the acidities of thirteen N-methoxy-polynitroanilines [7, 11, 13, 14] and global values (Σσ) for the Hammett and "quasi-Hammett" substituent constants are presented in Table 2 . Data were statistically analysed using a linear regression equation (4), where A is the intercept value and B is the slope value.
The value for one ortho-nitro group (R 2 ) is incorporated into the free term A of eq.4. Table 2 Data for the acidity of 13 compounds 1A -1M. Since one ortho-nitro group (R 2 ) is always present, it was not taken into consideration in equation (5) where N is the number of data points, R and R 2 denote correlation coefficients, SD is the standard deviation of the fit, and F is the Fisher test.
Results and discussion
In Table 2 we presented experimentally observed pK a values (in increasing order) for the acidities (in decreasing order) of 13 substituted N-methoxy-polynitroanilines; also displayed are the differences (residuals) between these two values, and the global values of Hammett-type constants for substituents. Figure 2 shows a linear dependence between calculated and experimental values for the thirteen studied N-methoxy-polynitroanilines.
Among all compounds included in Table 2 , only N-methoxy-2,4-dinitroaniline (1K) has an approximately planar molecule; steric hindrance causes torsional nonplanarity [26] [27] [28] [29] for all other compounds. Therefore no comparison may be made between the isomeric N-methoxy-2,4-dinitroanilines because one of them is planar (1K) and the other is nonplanar (1L). However, one can compare pairwise compounds differing by permuting a couple of substituents in 2 / 4 positions. In all cases, interchanging 2-NO 2 / 4-X with 2-X / 4-NO 2 substituents causes an increase (D) of pK a values (i.e. a lowering of acidity): for 1C, X = NO 2 , D = 0; for 1F, 1H, X = CN, D = 0.2; for 1A, 1B, X = COOH, D = 0.8; and for 1G, 1I, X = COOCH 3 , D = 2.1. These four substituents X appear in the above sequence ordered according to decreasing σ p values. Assuming similar torsion angles for all 2,6-disubstituted compounds, this means that the effect of an electronattracting substituent is highest in para-position. Since nitro groups have the strongest electron-attracting effect from all substituents involved in this study, it follows that a 2-X / 4-NO 2 situation will result in a higher acidity (lower pK a ) than a 2-NO 2 / 4-X situation. That is, the lower the electron-accepting ability of X, the higher the difference D in the above permutation, in agreement with experiment.
For 1D, 1J, X = CF 3 , however, we observe the highest D value in Table 2 (D = 3. 2) despite the fact that for X = CF 3 the Hammett constant is intermediate between the values for X = CN and X = COOH or X = COOMe. One explanation is by assuming that unlike the other substituents X involved in these pairwise permutations (which act both by inductive and resonance effects), CF 3 acts only by inductive effects, and that this is the cause of this distinct behavior of CF 3 and of the largest residuals in Table 2 . Accordingly, one would expect also a large D value for N-methoxy-2-methyl-4,6-dinitroaniline (estimated pK a ≈ 7.2), when this compound will become available, in the comparison with 1M.
Conclusions
In order to explain the different acidic properties of 13 N-methoxy-polynitroanilines (compounds 1A -1M), a correlational QSPR study was carried out on the basis of Hammett and "quasi-Hammett" substituent constants. The latter take into account electronic effects of ortho-substituents present in the studied structures.
